/ 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(n) EP 0 953 974 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

03.11.1999 Bulletin 1999/44 

(21) Application number: 98123399.2 

(22) Date of filing: 09.12.1998 



(51) mt CI. 6 : G1 1 B 7/09, G1 1 B 7/095, 
G11B7/13, G11B7/135 



(84) 


Designated Contracting States: 

AT BE CH CY DE DK ES R FR GB GR IE IT LI LU 

MCNLPTSE 


(72) 


Inventor: 

Matsuura, Michio, 
c/o Fujitsu Limited 




Designated Extension States: 




Kawasaki-shi, Kanagawa 211-8588 (JP) 

Representative: 




AL LT LV MK RO SI 


(74) 


(30) 


Priority: 30.04.1998 JP 1 1980898 
15.07.1998 JP 20098498 




Seeger, Wolfgang, Dipl.-Phys. 
Georg-Hager-Strasse 40 








81369 Munchen (DE) 


(71) 


Applicant: FUJITSU LIMITED 
Kawasaki-shi, Kanagawa 211-8588 (JP) 





(54) Method and apparatus for aberration correction 



(57) In a method and an apparatus for aberration 
correction according to the invention, aberration occur- 
ring in recording/reproducing information derived from 
causes such as thickness variation of a substrate, a tilt, 
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a focus error and a tracking error is detected, and the 
aberration is corrected by correcting these causes. 
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Description 

BACKGROUND OF THE INVENTION 

. 5 [0001] The present invention relates to a method and an apparatus for correcting aberration occurring in record- 
ing/reproducing information by using reflected light of an irradiating converged light beam. 

[0002] In accordance with development of Internet and spread of digital cameras and digital videos, more and more 
image data are processed by using computers, and hence, there is a demand for a storage with a large capacity. Optical 
disks are most suitably used for this purpose because of their large capacities, compatibility and ability of random 
io accesses, and various examinations have been made on a digital video disk (DVD) and the like for attaining a larger 
capacity. 

[0003] In general, it is necessary to minimize a focal spot in order to increase a capacity of an optical disk. Since a 
spot diameter is in proportion to A/NA (wherein A. is a wavelength and NA is numerical aperture), the spot diameter can 
be decreased by increasing the NA. However, when the NA is larger, aberration derived from a tilt or aberration derived 

15 from an error in the thickness of a substrate is disadvantageous^ increased. 

[0004] For example, in a DVD using an objective lens with high NA of approximately 0.6, a laminated substrate with 
a thickness of 0.6 mm is used in order to decrease the aberration derived from a tilt of the substrate. Also, in an optical 
disk of the next generation adopting a magnetic field modulation method, a single substrate with a thickness of 0.6 mm 
is similarly used. The thickness of the substrate is preferably further decreased in order to further increase the NA, but 

20 the tilt can be increased in a thinner single substrate because the thin substrate can be warped. In an optical disk using 
a substrate with a thickness of 0.1 mm or less, a reinforcing substrate is required to be adhered onto a surface other 
than the surface a magnetic film is adhered to. Thus, the tilt can be decreased, but a distance between the magnetic 
film and an optical head is increased by the thickness of the reinforcing substrate, and hence, it is difficult to adopt the 
magnetic field modulation method for a recording operation. Also, a substrate with a thickness of 0.1 mm or less is dif- 

25 f icult to make compatible with a conventional recording/reproducing apparatus because the thickness is different from 
that of a conventional substrate. 

[0005] In this manner, when the NA is large, an effect, in particular, aberration occurring in a recording/reproducing 
operation derived from a tilt, a difference in the thickness of respective optical disks and thickness variation in a direction 
"along tracks, is increased. As a result, a light beam cannot be completely converged. 

30 [0006] A tilt of an optical disk is corrected by detecting the tilt in a recording/reproducing operation of an optical disk 
and controlling, for example, an inclination of an objective lens in accordance with the detected tilt. In this correction, a 
tilt is detected by using reflected light of light irradiating the optical disk on a portion not relation with recording/repro- 
ducing information then, so that a relative tilt between a recording/reproducing laser beam and the optical disk can be 
corrected in accordance with the detected tilt. When the tilt is thus corrected, information can be accurately 

35 recorded/reproduced. However, since there is a distance on the optical disk between a portion for detecting the tilt and 
a portion for recording/reproducing information, a tilt in the portion for recording/reproducing information cannot be 
accurately detected. Furthermore, the correction accuracy is largely affected by an assembling error of an optical sys- 
tem for detecting a tilt and an optical system for recording/reproducing information. 

[0007] Moreover, a tilt of an optical recording medium along a crosswise direction of tracks thereon (hereinafter 
40 referred to as a radial tilt) is comparatively easily detected. However, a tilt in a direction crossing the crosswise direction 
of the tracks, for example, a tilt along a tangential direction of the tracks (hereinafter referred to as a tangential tilt) is 
mostly constituted by an A/C component having one rotation of the disk as one cycle, and cannot be accurately cor- 
rected by the aforementioned correction method because the detecting point is different from the correcting point. Fur- 
thermore, since a response speed is low, high speed control cannot be realized. Also, since a tangential tilt is so small 
45 as compared with a radial tilt that it has been conventionally not necessary to correct the tangential tilt. However, in 
accordance with increase in a memory density of an optical recording medium, the correction of a tangential tilt has 
become more and more significant. 

[0008] Japanese Patent Application Laid-Open No. 6-162541 (1994) discloses an apparatus for correcting a tangen- 
tial tilt. This apparatus is a recording/reproducing apparatus for an optical disk, in which light reflected by a flat area on 

so an optical disk is received by a photodetector so as to detect a tilt on the basis of brightness in each divided area 
included in the photodetector. An objective lens for converging a laser beam on the optical disk is provided with actua- 
tors on its four sides for focus control, tracking control and tilt control. These four actuators are independently driven in 
accordance with a detected tilt, so that a radial tilt and a tangential tilt can be corrected. In this apparatus, a tangential 
tilt can be accurately corrected through high speed control. However, since a tilt is detected on the flat area of the optical 

55 disk, the tilt correction cannot be performed at the same time as a recording/reproducing operation of information. 
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BRIEF SUMMARY OF THE INVENTION 

[0009] The present invention was devised to overcome the aforementioned problems, and one object of the invention 
is providing a method and an apparatus for aberration correction in which information can be precisely recorded and 

5 reproduced by detecting aberrations derived from each of causes such as thickness variation of a substrate, a tilt, a 
focus error and a tracking error and by correcting the respective causes on the basis of the detected aberrations. 
[001 0J Another object of the invention is providing a method and an apparatus for aberration correction in which an 
aberration derived from a tilt is detected so that the tilt can be corrected without using a complicated detecting mecha- 
nism and can be suppressed even when an objective lens has high NA and a substrate has a small thickness. 

10 [001 1 ] Still another object of the invention is providing a method and an apparatus for correcting thickness variation 
of a substrate of an optical recording medium can be corrected by detecting the aberration. 

[001 2] . Still another object of the invention is providing an apparatus for correcting aberration in which composing ele- 
ments of an optical system can be simplified by using a photodetector both for focus control and tracking control through 
detection of aberrations. 

75 [0013] The method of this invention of correcting aberration occurring in recording/reproducing information by using 
reflected light of a light beam irradiating an optical recording medium, comprises the steps of detecting aberrations 
derived from each of various causes on the basis of brightness distribution in interference areas formed by diffraction 
light of the reflected light; and correcting aberration occurring in recording/reproducing information by correcting the 
respective causes in accordance with the detected aberrations. 

20 [0014] Accordingly the reflected light of the light beam for being irradiated the optical optical recording medium forms, 
owing to diffraction light, interference areas having brightness distribution along a track crosswise direction on optical 
means for converging the light beam, such as an objective lens. The present inventors have found that the brightness 
distribution is peculiar to a cause of aberration occurring in recording/reproducing information. In consideration of the 
brightness distribution, namely, the diffraction pattern, being peculiar to each cause of aberration, the extents of aber- 

25 rations derived from the respective causes are detected. Detection signals thus obtained are used as control signals for 
- correcting the respective causes, and the irradiated position with the light beam and the tilt against the substrate are 
changed so as to make the amplitude of these control signals zero. Thus, the aberrations can be corrected. 
[001 5] Alternatively, the method of correcting aberration comprises the steps of detecting an aberration derived from 
a relative tilt between the light beam and the optical recording medium on the basis of brightness distribution in interfer- 

30 ence areas formed by diffraction light of the reflected light; and correcting aberration occurring in recording/reproducing 
information by correcting the tilt in accordance with the detected aberration. 

[0016] -Accordingly, an aberration derived from a tilt is detected on the basis of a diffraction pattern peculiar to the 
aberration derived from a tilt. The tilt can be corrected on the basis of a detection signal thus obtained. Since the tilt can 
be corrected by using a servo circuit in an optical recording/reproducing apparatus, the entire apparatus can be made 
35 compact, and the tilt can be suppressed even when the optical recording medium includes a thick substrate. 

[001 7] Alternatively, the method of correcting aberration comprises the steps of detecting an aberration derived from 
a focus error on the basis of brightness distribution in interference areas formed by diffraction light of the reflected light; 
and correcting aberration occurring in recording/reproducing information by correcttna the focus error in accordance 
with the detected aberration. 

40 [0018] Accordingly, an aberration derived from a focus error is detected on the basis of a diffraction pattern peculiar 
to the aberration derived from a focus error. The focus error can be corrected on the basis of a detection signal thus 
obtained. Since the focus control can be conducted by using the same photodetector used for tracking error control, the 
entire apparatus can be made compact. 

[001 9] Alternatively, the method of correcting aberration of this invention comprises the steps of detecting an aberra- 
45 tion derived from thickness variation of a substrate included in the optical recording medium on the basis of brightness 
distribution in interference areas formed by diffraction light of the reflected light; and correcting aberration occurring in 
recording/reproducing information by correcting the aberration derived from thickness variation of the substrate through 
focus control in accordance with the detected aberration. 

[0020] Accordingly, an aberration derived from thickness variation is detected on the basis of a diffraction pattern 
so peculiar to the aberration derived from thickness variation of a substrate. The aberration derived from the substrate 
thickness variation can be corrected on the basis of a detection signal thus obtained, and the effect of the thickness var- 
iation can be eliminated. 

[0021] In the method of correcting aberration, in the step of detecting aberration, a detection signal of a relative tilt 
between the optical recording medium and the light beam, a detection signal of thickness variation of a substrate 
55 included in the optical recording medium and of a focus error and a detection signal of a tracking error are obtained, 
and the step of correcting aberration includes, prior to correction of the tracking error, a pseudo focus control step of 
controlling the light beam to be focused on the optical recording medium; a step of obtaining a median of an amplitude 
of the detection signal of the thickness variation and of the focus error obtained in the pseudo focus control step; a step 
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of correcting the tracking error by using the detection signal of the tracking error; a step of correcting the focus error by 
using the detection signal of the thickness variation and of the focus error with the median used as a reference value 
and a step of correcting the tilt by using the detection signal of the tilt. 

[0022] Accordingly, the aberrations derived from a tilt, substrate thickness variation, a focus error and a tracking error 
5 are corrected by detecting the aberrations resulting from these causes, and hence, the aberration occurring in record- 
ing/reproducing information can be corrected. 

[0023] In the method of correcting aberration, the pseudo focus control step includes a step of changing a distance 
. between optical means for converging the light beam and the optical recording medium; and a step of conducting focus 

control on the baas of a focus control signal obtained through another path while changing the distance 
w [0024] Accordingly, before correcting a tracking error, rough focus control is conducted on the basis of a focus control 
signal detected by. for example, the Foucault method as a process prior to precise focus control 
[0025] In the method of correcting aberration, the pseudo focus control step includes a step of changing a distance 
between optical means for converging the light beam and the optical recording medium; and a step of conducting focus 
control so as to make zero a difference between a predetermined value and a level of the detection signal of the trackina 
is error obtained while changing the distance. 

[0026] Accordingly, before correcting a tracking error, rough focus control is conducted by using a detection signal 
corresponding to an aberration derived from a tracking error as a process prior to precise focus control As a result 
there is no need to provide the apparatus with a general focus controller, and hence, the entire apparatus can be made 
compact. 

[0027] Alternatively, the apparatus of this invention for correcting aberration occurring in recording/reproducing infor- 
mation by using reflected light of a light beam irradiating an optical recording medium, comprises at least one photode- 
tector for detecting aberrations derived from each of various causes on the basis of brightness distribution in 
interference areas formed by diffraction light of the reflected light; and a correcting part for correcting the respective 
causes on the basis of the detected aberrations. 

[0028] Accordingly, the extents of the aberrations derived from respective causes are detected by the photodetector 
on the basis of the brightness distribution peculiar to each cause. Detection signals thus obtained are used as control 
signals for correcting the respective causes of the aberrations, and the irradiated position with the light beam and the 
tilt against a substrate are changed so as to make the amplitude of the control signals zero. Thus, aberration can be 
corrected. 

[0029] Alternatively, the apparatus for correcting aberration of this invention comprises an objective lens for converg- 
ing a light beam; an actuator for three-dimensionally moving the objective lens; and an aberration correcting part receiv- 
ing the reflected light, for detecting aberrations derived from each of various causes and for correcting the respective 
causes, wherein the aberration correcting part includes at least one photodetector for outputting aberration detection 
signals corresponding to the respective causes; and at least one controller selected from a tilt controller for correcting 
a tilt, a thickness/focus controller for correcting thickness variation of a substrate and a focus error, and a tracking con- 
troller for correcting a tracking error. a 
[0030] Accordingly, aberration occurring in recording/reproducing information can be corrected by correcting at least 
one of a tilt, th.ckness variation of a substrate, a tocus error and a tracking error in accordance with the detected aber- 
ration. 

[0031 ] In the apparatus for correcting aberration, the tilt is a tilt along a first direction having an inclination against the 
track crosswise direction of the optical recording medium, and at least one of the photodetectors includes on a light 
receiving surface thereof, a first light receiving area formed on one side along the track crosswise direction in the 
reflected light and a second light receiving area formed on the other side, and each of the first and second light receiv- 
ing areas is divided into an inner area and an outer area. 

[0032] Accordingly, since each of the first and second light receiving areas, on the light receiving surface of the pho- 
todetector. corresponding to the interference areas of the reflected light is divided into the inner area and the outer area 
on the basis of an interference pattern peculiar to the aberration derived from a tilt along the first direction having an 
inclination against the track crosswise direction, namely, a radial tilt. Therefore, a radial tilt can be detected 
[0033] In the apparatus for correcting aberration, a first aberration detection signal RTLTES corresponding to a tilt 
along the first direction is calculated as follows: 
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RTLTES = (A1+A2+k1(B3+B4))-k2((A3+A4)+k1(B1+B2)) 

[0034] Accordingly, the light receiving surface of the photodetector is divided on the basis of an interference pattern 
peculiar to the aberration derived from a radial tilt, and the aberration detection signal corresponding to a radial tilt is 
obtained by using brightness in these divided areas. 

[0035] In the apparatus for correcting aberration, at least one of the photodetectors includes, on a light receiving sur- 
face thereof, a first light receiving area formed on one side along the track crosswise direction in the reflected light and 
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a second light receiving area formed on the other side, each of the first and second light receiving areas is divided into 
a center area and an edge area relative to the light receiving surface, and a second aberration detection signal THES 
corresponding to thickness variation of the substrate and a focus error is calculated as follows: 

THES = (A1+B1+k1(A3+B3))-k2((A2+B2)+k1(A4+B4)) 

[0036] Accordingly, since the light receiving surface of the photodetector is divided on the basis of an interference 
pattern peculiar to the aberration derived from substrate thickness variation and a focus error, the aberration detection 
signal corresponding to the thickness variation and a focus error can be obtained. 

[0037] Still another object of the invention is providing an apparatus for correcting aberration capable of an accurate 
seeking operation through detection of a seeking direction of an optical head on an optical recording medium by detect- 
ing aberration. 

[0038] The apparatus of this invention for correcting aberration further comprises a beam movement direction detect- 
ing circuit, which receives the second aberration detection signal corresponding to thickness variation of the substrate 
and a focus error and a third aberration detection signal corresponding to a tracking error, and detects a movement 
direction of the light beam on the optical recording medium based on whether the second aberration detection signal is 
at a maximum peak or a minimum peak when the third aberration detection signal is varied in a predetermined manner. 
[0039] Accordingly, since the movement direction of a head against the optical recording medium can be detected in 
a seeking operation in recording/reproducing information in and from the optical recording medium, it is possible to 
avoid a mistake in counting the number of tracks. The aberration detection signal corresponding to a focus error has a 
reverse polarity in scanning a land to the polarity in scanning a groove. Therefore, the movement direction of the light 
beam can be detected by comparing this signal with the aberration detection signal corresponding to a tracking error 
having the same polarity. 

[0040] Still another object is providing an apparatus for correcting aberration capable of detecting a tilt along a direc- 
tion crossing the track crosswise direction by using a photodetector whose light receiving surface is rotated by substan- 

- tially 90 degrees on the same plane. 
[0041 ] In the apparatus for correcting aberration, the at least one photodetector receives the reflected light dividedly 
along a direction crossing the track crosswise direction, and the apparatus further comprises a second tilt control circuit 

-> which receives the first aberration detection signal corresponding to a tilt and the second aberration detection signal 
corresponding to a tracking error, detects a tilt along a direction crossing the track crosswise direction on the basis of a 
level of the first aberration detection signal attained when the second aberration detection signal is at a level of zero 
and corrects the detected tilt. 

[0042] Accordingly, since a tilt along the direction crossing the track crosswise direction can be detected, the entire 
tilt can be further decreased by correcting this tilt together with a tilt along the track crosswise direction. A tilt along a 
direction substantially parallel to the tracks can be detected by disposing the photodetector so as to receive dividing the 
reflected light on the light receiving surface along the direction crossing the track crosswise direction. An optical record- 
ing medium used in this case includes a groove extending along the track crosswise direction. 
[0043] In the apparatus for correcting aberration, the tilt is a tilt along a second direction having an inclination against 
a direction crossing the track crosswise direction of the optical recording medium, and at least one of the photodetectors 
includes, on a light receiving surface thereof, a first light receiving area formed on one side along the track crosswise 
direction in the reflected light and a second light receiving area formed on the other side, each of the first and second 
light receiving areas is divided into a center area and an edge area relative to the light receiving surface, and each of 
the center and edge areas is divided into two divided areas along the direction crossing the track crosswise direction. 
[0044] Accordingly, each of the first and second light receiving areas on the light receiving surface corresponding to 
the interference areas of the reflected light is divided into the center area and the edge area, and each of the center 
area and the edge area is further divided along the direction crossing the track crosswise direction. Therefore, the pho- 
todetector is divided on the basis of an interference pattern peculiar to the aberration derived from a tilt along the sec- 
ond direction having an inclination against the direction crossing the track crosswise direction, namely, a tangential tilt. 
Thus, a tangential tilt can be detected. For example, when each of the first and second light receiving areas is in a sub- 
stantially elliptical shape, each light receiving area is divided by crossed division lines crossing at the center of the ellip- 
tical shape and extending along the track crosswise direction and along a direction perpendicular to the track crosswise 
direction. By thus dividing the photodetector, a tangential tilt can be detected. 

[0045] In the apparatus for correcting aberration, the first detection signal TTLTES corresponding to a tilt along the 
second direction is calculated as follows: 

TTLT ES =(A1 a+B1 a+A2b+B2b+k1 (A3a+B3a+A4b+B4b)) -k2((A2a+B2a+A1 b+B1 b)+k1 (A4a+B4a+A3b+B3b)) 
[0046] Accordingly, the light receiving surface of the photodetector is divided on the basis of an interference pattern 
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peculiar to the aberration derived from a tangential tilt, and the aberration detection signal corresponding to the tangen- 
tial tilt is obtained by using brightness in these divided areas. 

[0047] Still another object is providing an apparatus for correcting aberration in which a tilt correction can be per- 
formed at the same time as an information recording/reproducing operation by detecting and correcting a tilt along the 
track crosswise direction and a tilt along a direction crossing the track crosswise direction by using reflected light of a 
light beam irradiating an optical recording medium in the recording/reproducing operation. 

[0048] In the apparatus for correcting aberration, each divided area of the first and second light receiving areas is 
further divided into an inner area and an outer area in order to detect both a tilt along the first direction and a tilt along 
the second direction. 

[0049] Accordingly both a radial tilt and a tangential tilt are detected by using merely one photodetector. 
[0050] In the apparatus for correcting aberration, the objective lens includes a first lens and a second lens disposed 
with optical axises thereof according to each other, and the actuator includes a first actuator for three-dimensionally 
moving the first lens for correcting a focus error and a tracking error and a second actuator for inclining the second lens 
independently against the track crosswise direction of the optical recording medium and against a direction crossing the 
is crosswise direction for correcting a tilt. 

[0051] Accordingly, the second actuator can be driven independently for correcting a radial tilt and a tangential tilt. 
Also, the second lens is used for correcting a tift alone, and hence, the second lens can be controlled to be inclined 
through small movement of the actuator. 

[0052] In the apparatus for correcting aberration, the objective lens is provided, on a surface thereof opposing the opti- 
cal recording medium, a contact preventing disk for retaining a distance to the optical recording medium at a predeter- 
mined or larger distance. 

[0053] Accordingly, when the objective lens is brought too close to the optical recording medium, flowing air pressure 
affects the contact preventing disk, so as to prevent a distance between the objective lens and the medium from becom- 
ing smaller than the predetermined distance. Thus, a contact therebetween is avoided. 

[0054] In the apparatus for correcting aberration, at least one of the photodetectors includes, on a light receiving sur- 
face thereof, a first light receiving area formed on one side along the track crosswise direction in the reflected light and 
a second light receiving area formed on the other side, and each of the first and second light receiving areas is sym- 
metrically divided into at least four areas along the track crosswise direction in the reflected light. 
[0055] When a defocus level is increased, the number of brightness peaks in the interference areas is increased. 
Therefore, the range of the defocus level applicable to the focus error correction can be enlarged by further dividing the 
first and second light receiving areas along the track crosswise direction. 

[0056] In the apparatus for correcting aberration, the photodetector includes, on a light receiving surface thereof, a 
first light receiving area formed on one side along the track crosswise direction in the reflected light and a second light 
receiving area formed on the other side, and each of the first and second light receiving areas is linearly divided sub- 
stantially parallel to the track crosswise direction and a direction crossing the track crosswise direction respectively. 
[0057] Accordingly since the first and second light receiving areas each in the substantially elliptical shape are line- 
arly divided, the light receiving surface can be easily divided. Also, when the first and second light receiving areas are 
further divided parallel to the track crosswise direction in the reflected light and the direction crossino the track cross- 
wise direction, one photodetector can be applied to the detection of all the causes such as a focus error, a tracking error, 
40 substrate thickness variation, a radial tilt and a tangential tilt. 

[0058] In the apparatus for correcting aberration, the photodetector has a first photodetector part including a first light 
receiving area disposed on one side of a light receiving surface along the track crosswise direction in the reflected light 
and a second photodetector part including a second light receiving area disposed on the other side, and the first and 
second photodetector parts are movable toward and away from each other along the track crosswise direction. 
45 [0059] Accordingly although a distance between the interference areas of the reflected light is varied depending upon 
the track pitch of an optical recording medium, since the photodetector parts respectively including the first and second 
light receiving areas are thus separated, the distance between the first and second light receiving areas can be 
adjusted in accordance with the optical recording medium by moving the photodetector parts. 

[0060] The above and further objects and features of the invention will more fully be apparent from the following 
so detailed description with accompanying drawings. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
[0061] 
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FIG. 1 is a diagram for showing the structure of an optical recording/reproducing apparatus using an aberration cor- 
recting apparatus according to a first embodiment of the invention; 

FIG. 2 is a diagram for showing the structure of an aberration correcting part and an actuator driving circuit of FIG. 
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1; 

FIG. 3 is a schematic perspective view for showing diffraction patterns of reflected light formed by an aberration 
derived from a tilt error; 

FIG. 4 is a schematic perspective view for showing diffraction patterns of reflected light formed by an aberration 
derived from thickness variation of a substrate; 

FIG. 5 is a schematic perspective view for showing diffraction patterns of reflected light formed by an aberration 
derived from defocus; 

FIGS. 6A through 6C are diagrams for showing diffraction patterns along a lens radial direction formed by an aber- 
ration derived from a tilt error, and divided areas of a photodetector of the first embodiment adopted in this case; 
FIGS. 7A through 7C are diagrams for showing diffraction patterns along a lens radial direction formed by an aber- 
ration derived from thickness variation of a substrate and defocus, and divided areas of the photodetector of the 
first embodiment adopted in this case; 

FIGS. 8A through 8C are diagrams for showing diffraction patterns along a lens radial direction formed by an aber- 
ration derived from a tracking error, and divided areas of the photodetector of the first embodiment adopted in this 
case; 

FIG, 9 is a diagram for illustrating divided areas of the photodetector of FIG. 1 ; 

FIG. 10 is a flowchart for showing procedures in aberration correction according to the present invention; 
FIG. 11 is a graph for showing the sensitivity of a tracking error signal of the first embodiment; 
FIG. 12 is a graph for showing the sensitivity of a tilt error signal of the first embodiment; 
FIG. 13 is a graph for showing the sensitivity of a THES corresponding to defocus in the first embodiment; 
FIG. 14 is a graph for showing the sensitivity of a THES corresponding to thickness variation in the first embodi- 
ment; 

FIG. 15 is a diagram for illustrating divided areas of another photodetector of the invention; 

FIG. 16 is a diagram for illustrating divided areas of still another photodetector of the invention; 

FIG. 1 7 is a diagram for illustrating divided areas of still another photodetector of the invention; 

FIG. 18 is a diagram for showing the structure of an aberration correcting part and an actuator driving circuit 

according to a second embodiment of the invention; 

FIG. 1 9 is an output waveform diagram for illustrating detection of a seeking direction; 

FIG. 20 is a schematic perspective view of a magneto-optical disk for realizing detection of a tangential tilt accord- 
ing to a fourth embodiment of the invention; 

FIG. 21 is a waveform diagram for illustrating the detection of a tangential tilt of the fourth embodiment; 

FIG. 22 is a schematic perspective view for showing diffraction patterns of reflected light formed by aberrations 

derived from radial and tangential tilt errors; 

FIGS. 23A and 23B are a plan view of a photodetector used for generating a TTLTES and a graph for showing the 
sensitivity of the TTLTES; 

FIG. 24A and 24B are a plan view of a photodetector used for generating a RTLTES and a graph for showing the 
sensitivity of the RTLTES; 

FIG. 25 is a diagram for shoving the structure of an optical recording/reproducing apparatus using an aberration 
correcting apparatus according to a fifth embodiment of the invention; 

FIG. 26 is a plan view and a sectional view for showing the structure of a double lens device used in the fifth embod- 
iment; 

FIG. 27 is a plan view and a sectional view for showing the structure of another double lens device; 

FIGS. 28A through 28D are schematic perspective views for showing diffraction patterns formed at various defocus 

levels; 

FIGS. 29A through 29C are graphs obtained by plotting sections of the diffraction patterns of FIGS. 28B through 
28D; 

FIGS. 30A through 30C are plan views for showing divided areas of a photodetector according to a sixth embodi- 
ment of the invention; 

FIG. 31 is a graph for showing the sensitivity of a THES detected by the photodetector of the sixth embodiment; 
FIG. 32 is a diagram for showing the structure of an optical recording/reproducing apparatus using an aberration 
correcting apparatus according to the sixth embodiment of the invention; 

FIGS. 33A through 33F are plan views for showing divided areas of a photodetector according to a seventh embod- 
iment of the invention; 

FIG. 34 is a graph for showing the sensitivity of a RTLTES detected by the photodetector of the seventh embodi- 
ment; 

FIG. 35 is a plan view for showing a basic state of a photodetector according to an eighth embodiment of the inven- 
tion; 

FIG. 36 is a plan view of a state of the photodetector adopted when a track pitch is smaller than in FIG. 35; and 
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FIG. 37 is a plan view of a state of the photocletector adopted when a track pitch is larger than in FIG. 35. 

DETAILED DESCRIPTION OF THE INVENTION 

5 [0062] The present invention will now be described with reference to drawings illustrating preferred embodiments. 
Embodiment 1: 

[0063] FIG. 1 is a diagram for showing the structure of a magneto-optical recording/reproducing apparatus according 
io to a first embodiment and FIG. 2 is a diagram for showing the structure of an aberration correcting part and an actuator 
driving circuit of FIG. 1. As is shown in FIG. 1, a laser beam emitted by a laser source 2 passes through a collimator 
lens 3 including a brightness distribution correcting lens, and enters a first beam splitter 4 as a parallel beam. The 
brightness distribution correcting lens included in the collimator lens 3 converts an brightness distribution of a laser 
beam from Gaussian distribution to flat distribution, whereby the sensitivity of an interference area of reflected light 
15 described below can be increased. The collimator lens 3 and the brightness distribution correcting lens are not indis- 
pensable composing elements of the invention. 

[0064] The light beam having passed through the first bearji splitter 4 is converged by an objective lens 6, so as to 
irradiate a magneto-optical disk 1 and be reflected by the magheto-optical disk 1 . The objective lens 6 is supported by 
an actuator 5, which includes first and second focus actuators 50a and 50b for adjusting a distance and a tilt between 
20 the objective lens 6 and the magneto-optical disk 1 , and a tracking actuator 50c for adjusting the position of the objec- 
tive lens 6 against the magneto-optical disk 1 . The first and second focus actuators 50a and 50b can be independently 
driven for correcting a tilt. The magneto-optical disk 1 is provided with tracks applicable to land/groove recording. 
[0065] The light reflected by the magneto-optical disk 1 is converged by the objective lens 6, enters again the first 
beam splitter 4 to be refracted, and enters a second beam splitter 7. The light is split by the second beam splitter 7 into 
light used for focus control and light used for aberration detection, one of which is supplied to a focus controller 70 and 
the other of which passes through a wavelength constant 8. The light having passed through the wavelength constant 
8 is rotated in its deflection angle by 45 degrees and passes through a phase beam splitter 9. The light is split by the 
phase beam splitter 9 into a P wave and an S wave. The P wave is supplied to a push/pull tracking controller 90 and the 
S wave is supplied to an aberration correcting part 10, which is a characteristic of the invention. 
[0066] The aberration correcting part 1 0 includes a photodetector 1 l^a tracking controller 1 2, a thickness/focus con- 
troller 13 and a tilt controller 14. The photodetector 1 1 receives the §wfve, and calculates and outputs control signals, 
namely, aberration detection signals, to be supplied to the respective controllers. The tracking controller 12, the thick- 
ness/focus controller 1 3 and the tilt controller 14 output signals for moving the objective lens 6 so as to make the respec- 
tive control signals zero, and these signals output by the respective controllers are input to an actuator driving circuit 
1 5. The actuator driving circuit 15 drives the actuator 5 in accordance with the supplied signals. Also, the photodetector 
1 1 outputs a signal to an arithmetic circuit 20 for calculating a reproducing signal MO. 
[0067] The other light split by the second beam splitter 7 is supplied to the focus controller 70. The focus controller 
70 includes a photodetector (not shown), and receives the light from the second beam splitter 7 and outputs a focus 
error signal (hereinafter referred to as the FES). The FES is generated by a general method, for example, by a Foucault 
40 method. 

[0068] Furthermore, the P wave split by the phase beam splitter 9 is supplied to the push/pull tracking controller 90, 
where, for example, a tracking signal for a DVD is generated to be supplied to the arithmetic circuit 20. The arithmetic 
circuit 20 receives the output signals from the push/pull tracking controller 90 and the photodetector 1 1. Specifically, the 
S wave and the P wave split by the phase beam splitter 9 are supplied to the arithmetic circuit 20 through the aberration 
45 correcting part 1 0 and the push/pull tracking controller 90, so that the arithmetic circuit 20 can calculate the reproducing 
signal. 

[0069] As described above, the aberration correcting part 10 includes the photodetector 11, which receives the S 
wave from the phase beam splitter 9. On the light receiving surface of the photodetector 11, light receiving areas A1 
through A4 and B1 through B4 are formed as is shown in FIG. 2, so that a tracking error signal (hereinafter referred to 

so as the TES), a thickness/focus error signal (hereinafter referred to as the THES) and a tilt error signal (hereinafter 
referred to as the TLTES) described below can be generated by calculating brightness in the respective light receiving 
areas. Now, operation expressions used for obtaining these control signals will be described. Herein, A1 through A4 
and B1 through B4 respectively indicate the brightness detected in the corresponding light receiving areas. The struc- 
ture described in this embodiment is merely an example, and the aberration correcting part 10 can be disposed in any 

55 other position on the optical path of the reflected light. 

[0070] FIGS. 3 through 5 are schematic perspective views for showing diffraction patterns of the reflected light, which 
are obtained through simulation and three-dimensionally illustrated, and FIGS. 6A through 6C, 7A through 7C and 8A 
through 8C are diagrams for showing diffraction patterns along a lens radial direction resulting from aberration and 
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divided areas of the photodetector adopted in the respective cases. Although first-order diffracted light is present on the 
outside of the objective lens 6, this light does not reach the photodetector and hence is omitted. In FIG. 3, diffraction 
patterns formed when coma is caused due to a tilt are shown in comparison with a diffraction pattern formed when no 
aberration is caused. FIG. 6A is a sectional view taken along the crosswise direction of tracks of the magneto-optical 
5 disk irradiated with a laser beam. FIG. 6B is a graph of a diffraction pattern derived from a tilt shown by using change 
of brightness along the track crosswise direction, and FIG. 6C is a plan view of divided areas of the photodetector 11 
adopted for generating the TLTES. 

[0071 ] As is shown in FIG. 6A, the reflected light is divided into zero-order light D 0 which is reflected at the same angle 
as the incident angle and first-order light Dj which is reflected at a larger angle (an angle 6) toward both sides of a track, 

io and the reflected light is converged by the objective lens 6. At this point, on the objective lens 6 are formed first and 
second interference areas h and l 2 where the zero-order light D 0 and the first-order light are overlapped. When there 
is no aberration, the interference areas ^ and l 2 form the diffraction patterns in a substantially cylindrical shape as is 
shown in FIG. 3. When coma is caused due to a tilt, the brightness are concentrically varied in the interference areas 
^ and l 2 and hence, an area having high brightness at the center and an area having low brightness at the center are 

is formed. This diffraction pattern is formed due to the irregularity on the disk, and hence is not affected by a tangential tilt 
but is caused by a radial tit. Depending upon positive and negative tilts along the track crosswise direction, the shapes 
of the interference areas I-) and l 2 are exchanged (as is shown with a solid line and a dashed line in FIG. 6B). 
[0072] Such a diffraction pattern of the interference areas h and l 2 appears as an brightness variation pattern peculiar 
to a cause of aberration. Accordingly, when the brightness in the light receiving areas on the photodetector 1 1 is calcu- 

20 lated correspondingly to the diffraction pattern, the extent of the aberration derived from a tilt, namely, the extent of a 
tilt, can be detected, so as to generate the TLTES. As is shown in FIG. 6C, the photodetector 1 1 for detecting the aber- 
ration derived from a tilt has the light receiving surface in a circular shape, and on the light receiving surface, a first light 
receiving area 1 1 a is formed on one side along a direction corresponding to the track crosswise direction in the reflected 
light and a second light receiving area 1 1 b is formed on the other side. Each of the first light receiving area 1 1 a and the 

25 second light receiving area 1 1b has a substantially elliptical shape, and is divided into an inner area and an outer area. 
The inner area and the outer area of each light receiving area have substantially the same area. This shape of the 
divided areas of the light receiving surface corresponds to the diffraction pattern derived from a tilt. 
[0073] By using the photodetector 1 1 whose light receiving surface is thus divided, the TLTES is calculated as follows: 

5cJ " TLTES = (A1+A2+k1 (B3+B4))-k2((A3+A4)+k1 (B1+B2)) 

wherein A1+A2 indicates brightness in the outer area of the first light receiving area 1 1a, B1+B2 indicates brightness 
in the inner area thereof, A3+A4 indicates brightness in the outer area of the second light receiving area 1 1b and B3+B4 
indicates brightness in the inner area thereof; and k1 and k2 are real numbers obtained on the basis of a gain of the 

35 photodetector and an amplifier or the like. 

[0074] Next, an operation expression used for generating the THES for correcting an aberration derived from the thick- 
ness variation of a substrate and defocus will be described. FIG. 4 and FIG. 5 show diffraction patterns formed when a 
spherical aberration is caused by the thickness variation of a substrate and by the defocus, respectively in comparison 
with the diffraction pattern formed when no aberration is caused. FIG. 7A is a sectional view of a magneto-optical disk 

40 irradiated with a laser beam taken along the track crosswise direction, FIG. 7B is a graph of a diffraction pattern result- 
ing from the thickness variation of a substrate and the defocus shown by using change of brightness along the track 
crosswise direction, and FIG. 7C is a plan view of divided areas of the photodetector 11 adopted for generating the 
THES. 

[0075] As is shown in FIGS. 4, 5 and 7B, when a spherical aberration derived from the substrate thickness variation 
45 and the defocus is caused, the interference areas l-| and l 2 are largely varied in its brightness along the track crosswise 
direction. As is shown in FIG. 4, when the thickness of a substrate is smaller, the brightness is higher in an inside area 
of the irradiated spot along the track crosswise direction, and when the thickness is larger, the brightness is higher in 
an outside area of the spot in the track crosswise direction. Also, as is shown in FIG. 5. when the defocus is caused due 
to a too small distance, the brightness is higher in an inside area of the irradiated spot, and when the defocus is caused 
so due to a too large distance, the brightness is higher in an outside area of the spot. In FIG. 7B, an interference pattern 
formed when the brightness is higher in the inside area is shown with a dashed line, an interference pattern formed 
when the brightness is higher in the outside area due to the thickness variation is shown with a solid line, and an inter- 
ference pattern formed when the brightness is higher in the outside area due to the defocus is shown with a chain line. 
[0076] Such a diffraction pattern of the interference areas h and l 2 appears as an brightness variation pattern peculiar 
55 to a cause of aberration. Accordingly, when the brightness in the light receiving areas of the photodetector 1 1 is calcu- 
lated correspondingly to the diffraction pattern, the extent of the aberration derived from the thickness variation and the 
defocus can be detected, so as to generate the THES. As is shown in FIG. 7C, the photodetector 1 1 for detecting the 
aberration derived from the thickness variation and the defocus has the light receiving surface in a circular shape, and 
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on the light receiving surface, a first light receiving area 1 la is formed on one side along a direction corresponding to 
the track crosswise direction in the reflected light and a second light receiving area 11b is formed on the other side. 
Each of the first light receiving area 1 1a and the second light receiving area 1 1b has a substantially elliptical shape, and 
is divided into a center area and an edge area along the direction corresponding to the track crosswise direction relative 
5 to the light receiving surface. The center area and the edge area have substantially the same area. This shape of the 
divided areas of the light receiving surface corresponds to the diffraction pattern derived from thickness variatiorVdefo- 
cus. 

[0077] By using the photodetector 1 1 whose light receiving surface is thus divided, the THES is calculated as follows: 

10 THES = (A1+B1+k1 (A3+B3))-k2(A2+B2+k1 (A4+B4)) 

wherein A1+B1 indicates brightness in the edge area, relative to the light receiving surface, of the first light receiving 
area 11 a, A2+B2 indicates brightness in the center area thereof, A3+B3 indicates brightness in the edge area of the 
second light receiving area 1 1b, ad A4+B4 indicates brightness in the center area thereof. 

is [0078] Next, an operation expression used for generating the TES for correcting an aberration derived from a tracking 
error will be described. FIG. 8A is a sectional view of a magneto-optical disk irradiated with a laser beam taken along 
the track crosswise direction, FIG. 8B is a graph of a diffraction pattern resulting from a tracking error shown by using 
change of brightness along the track crosswise direction, and FIG. 8C is a plan view of divided areas of the photode- 
tector 1 1 adopted for generating the TES. 

20 [0079] As is shown in FIG. 8B, when an aberration is caused by a tracking error, one of the interference areas I-, and 
l 2 is largely biased in its brightness. The diffraction patterns of the interference areas I, and l 2 are exchanged depend- 
ing upon which side of a track the tracking is shifted (as is shown with a solid line and a dashed line in FIG. 8B). 
[0080] The diffraction pattern of the interference areas I-, and l 2 appears as an brightness variation pattern peculiar 
to a cause of aberration. Accordingly, when the brightness in divided areas of the photodetector 1 1 is calculated corre- 

25 spondingly to the diffraction pattern, the extent of the aberration derived from a tracking error can be detected, so as to 
generate the TES. As is shown in FIG. 8C. the photodetector 11 for detecting the aberration derived from a tracking 
error has the light receiving surface in a circular shape, and on the light receiving surface, a first light receiving area 11a 
is formed on one side along the direction corresponding to the track crosswise direction in the reflected light, and a sec- 
ond light receiving area 1 lb is formed on the other side. Each of the first and second light receiving areas 1 1a and 1 1b 

30 has an elliptical shape. This shape of the divided areas of the light receiving surface corresponds to the diffraction pat- 
tern derived from a tracking error. 

[0081] By using the photodetector 1 1 whose light receiving surface is thus divided, the TES is calculated as follows: 

TES = (A1 +A2+k(B1 +B2))-(A3+A4+k(B3+B4)) 

35 

wherein A1+A2+B1+B2 indicates brightness in the first light receiving area 1 1a, and A3+A4+B3+B4 indicates bright- 
ness in the second light receiving area 11b. 

[0082] An example of the shape of divided areas of the photodetector 1 1 will now be described. FIG. 9 is a plan view 
for showing divided areas of a photodetector. ft is assumed that a two-dimensional coordinate is set on the photodetec- 
40 tor 1 1 with the center of the light receiving surface positioned at the origin, and the radial of the light receiving surface 
is indicated as al. One light receiving area 11b corresponds to an area surrounded with an ark of a circle having its 
center on (x, y) = (al, 0) and having the radial a1 and the ark of the light receiving surface. The other light receiving 
area 1 1a is symmetrical with the first light receiving area 11a about the y-axis. 

[0083] The inner area of the former light receiving area 1 1 b used for detecting a tilt as described above corresponds 
45 to an area surrounded with an ark of a circle having its center on (0, 0) and having a radial a2 and an ark of a circle 
having its center on (al, 0) and having a radial a2, and the outer area corresponds to the remaining area of the light 
receiving area 11b. In order to allow the inner area and the outer area to have the same area, a2 = 0.831 x a1. 
Furthermore, the center area and the edge area of the light receiving area used for detecting thickness variation and a 
focus error are obtained by dividing the light receiving area 1 1b by a straight line of x = b . In order to allow the center 
so area and the edge area to have the same area, b = 0.5 x a1 . The shapes of the divided areas of FIG. 9 are shown 
merely as an example and the exemplified dimensions and shapes do not limit the invention. Significantly, the light 
receiving surface is divided so that brightness in divided light receiving areas can be calculated correspondingly to a 
diffraction pattern along a direction corresponding to the disk radial direction. 

[0084] The TLTES thus obtained is supplied to the tilt controller 14, the THES thus obtained is supplied to the thick- 
55 ness/focus controller 1 3, and the TES thus obtained is supplied to the tracking controller 1 2. The TES is input to a polar- 
ity inverting circuit 12a where the polarity is inverted in accordance with a land/groove specifying signal, and the 
inverted signal is output to a tracking control circuit 12b. The tracking control circuit 12b generates a signal for control- 
ling the actuator so as to make the TES zero, and outputs the generated signal to a tracking control driving circuit 15a 
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through a first switching circuit 12c. Thus, the tracking actuator 50c is driven so as to change the position of the objec- 
tive lens 6. 

[0085] The TLTES is input to a polarity inverting circuit 14a where the polarity is inverted in accordance with the 
land/groove specifying signal, and the inverted signal is output to a tilt control circuit 1 4b. The tilt control circuit 1 4b gen- 
5 erates a signal for controlling the actuator so as to make the TLTES zero, and outputs the generated signal to an adder 
51 and a subtracter 52 through a second switching circuit 14c. 

[0086] The THES is input to a maximum peak holding circuit 31 and a minimum peak holding circuit 32 for respectively 
holding the maximum peak and the minimum peak in the amplitude of the THES, so that the maximum peak and the 
minimum peak can be held in accordance with input timing of a hold specifying signal. A median detecting circuit 33 

io obtains amedian of the amplitude on the basis of the maximum and minimum peaks, and the obtained median is input 
to a polarity inverting circuit 34. The signal input to the polarity inverting circuit 34 is inverted in its polarity in accordance 
with the Jand/groove specifying signal, and the inverted signal is supplied to a first selecting terminal 35a of a third 
switching circuit 35. A second selecting terminal 35b of the third switching circuit 35 is supplied with the FES from the 
focus controller 70. A common terminal 35c of the third switching circuit 35 is connected with a thickness/focus control 

75 circuit 36. 

[0087] The thickness/focus control circuit 36 generates a signal for controlling the actuator so as to make the received 
signal zero, and supplies the generated signal to a first selecting terminal 37a of a fourth switching circuit 37. A second 
selecting terminal 37b of the fourth switching circuit 37 is supplied with a voltage from a scanning voltage generating 
circuit 41. A common terminal 37c of the fourth switching circuit 37 is connected so as to supply the received signal to 
20 the adder 51 and the subtracter 52. Output signals of the adder 51 and the subtracter 52 are input to a focus/tilt control 
driving circuit 15b. Thus, the first and second focus actuators 50a and 50b are driven so as to change the position of 
the objective lens 6. Also, the TES and the THES are input to a seeking direction detecting circuit 40, which generates 
a signal for indicating a seeking direction. This signal is input to a track counter 41 a, so as to count the number of tracks 
in a seeking operation. 

25 [0088] In the description of the control circuits of this embodiment, the circuits relating to the invention are mainly 
described, and circuits relating other control functions such as track jump are herein omitted. 

[0089] The magneto-optical recording/reproducing apparatus having the aforementioned structure can judge the 
cause of an aberration occurring in a recording or reproducing operation of the magneto-optical disk 1, and can detect 
and correct the aberration derived from each cause by using the aberration correcting part 10. Now, a method of cor- 

30 reeling aberration will be described. FIG. 1 0 is a flowchart for showing procedures in the aberration correction. First, the 
fourth switching circuit 37 selects the second selecting terminal 37b and the third switching circuit 35 selects the second 
selecting^erminal 35b, so as to conduct pseudo focus scanning (step S1 1). The fourth switching circuit 37 supplies the 
scanning voltage to the focus/tilt control driving circuit 15b. Thus, the objective lens 6 is moved upward or downward for 
attaining FES=0 (step S12) t and pseudo focus control is conducted this instant (step S13). In the pseudo focus control, 

35 the focus is roughly controlled before correcting a spherical aberration derived from the thickness variation. After com- 
pleting the pseudo focus control, the switching circuit 37 switches from the second selecting terminal 37b to the first 
selecting terminal 37a. 

[0090] Next, without conducting tracking control, the maximum peak and the minimum peak in the amplitude of the 
THES are held to be added to each other, and the median detected based on the peaks is held (step Si 4). Then, in 
40 accordance with the land/groove specifying signal (step S15), the polarity of the TES is inverted (step SI 6), and the 
tracking control is conducted by the tracking control circuit 12b so as to make TES zero (step S17). Thus, the tracking 
actuator 50c is driven, thereby moving the objective lens 6 so as to correct a tracking error. 

[0091] Subsequently, in accordance with the land/groove specifying signal, the polarity of the THES is inverted, and 
the focus control is conducted by the thickness/focus control circuit 36 so as to make the THES zero (step S1 8). At this 
45 point, the focus control is conducted by using the median detected in step S14 as a reference value. Thus, the spherical 
aberration derived from the thickness variation is corrected. Then, in accordance with the land/groove specifying signal, 
the polarity of the TLTES is inverted, and the tilt control is conducted by the tilt control circuit 14b so as to make the 
TLTES zero (stepS19). 

[0092] The fourth switching circuit 37 has already switched to the first selecting terminal 37a, and the output signal of 
so the thickness/focus control circuit 37 and the output signal of the tilt control circuit 1 4b are input to the adder 51 and the 
subtracter 52. Thus, the focus actuators 50a and 50b are driven to move the objective lens 6. so as to correct substrate 
thickness variation and a tilt. 

[0093] In this embodiment, the inclination of the objective lens 6 is changed for correcting a tilt, which does not limit 
the invention. Instead, the inclination of the entire optical system can be changed. 
55 [0094] In this manner, aberration is corrected by controlling each cause of the aberration in accordance with the 
detected aberration. Therefore, information can be precisely reproduced. Furthermore, a tilt can be corrected without 
using a complicated detecting mechanism, and can be decreased even when the objective lens has high NA and the 
substrate is thick. Moreover, since a radial tilt and a tangential tilt are detected by using reflected light of a laser beam 
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irradiating the magneto-optical disk in a recording/reproducing operation, feedback control of a tilt can be realized, and 
the tilt can be corrected at the same time as an information recording/reproducing operation. In addition, an aberration 
derived from the thickness variation of a substrate included in a magneto-optical recording medium can be also cor- 
rected. 

[0095] FIG. 11 is a graph for showing the sensitivity of the TES obtained in the first embodiment. In FIG. 1 1 , the 
abscissa indicates off-track, and the ordinate indicates a value obtained by dividing the light quantity of the TES by the 
total light quantity, which is calculated through simulation. In this graph, the TES obtained in the first embodiment is 
shown with a sign Q. a TES obtained when defocus is additionally caused is shown with a sign a, a TES obtained 
when a tilt is additionally caused is shown with a sign o, and a conventional TES is shown with a sign X. As is obvious 
from the graph, all these TESs are zero in a point where the off-track is zero. This means that a tracking error can be 
corrected by correcting the TES to be zero in the first embodiment. 

[0096] FIG. 12 is a graph for showing the sensitivity of the TLTES obtained in the first embodiment. In FIG. 12, the 
abscissa indicates a tilt, and the ordinate indicates a value obtained by dividing the light quantity of the TLTES by the 
total light quantity, which is calculated through simulation. In this graph, the TLTES obtained in the first embodiment is 
shown with a sign O. a TLTES obtained when defocus is additionally caused is shown with a sign a, a TLTES obtained 
when negative off-track is additionally caused is shown with a sign □, and a TLTES obtained when positive off-track is 
additionally caused is shown with a sign X. As is obvious from the graph, even in the case where the off-track is caused, 
when these TLTESs are zero, the error of tilt is within a range of ±2 mrad. This means that a tilt can be precisely cor- 
rected by correcting the TLTES to be zero in the first embodiment. 

[0097] FIG. 13 is a graph for showing the sensitivity of the THES corresponding to the defocus obtained in the first 
embodiment. In FIG. 13, the abscissa indicates a defocus level, and the ordinate indicates a value obtained by dividing 
the light quantity of the THES by the total light quantity, which is calculated through simulation. In this graph, the THES 
obtained in the first embodiment is shown with a sign O. a THES obtained when the off-track is additionally caused is 
shown with a sign ^, and a THES obtained when a tilt is additionally caused is shown with a sign □. As is obvious from 
the graph, these THESs are substantially zero in the vicinity of a point where the defocus level is zero. This means that 
the defocus can be corrected by correcting the THES to be zero in the first embodiment. 

[0098] FIG. 1 4 is a graph for showing the sensitivity of the THES corresponding to the thickness variation obtained in 
the first embodiment. In FIG. 14, the abscissa indicates thickness variation, and the ordinate indicates a value obtained 
by dividing the light quantity of the THES by the total light quantity, which is calculated through simulation. In this graph, 
the THES obtained in the first embodiment is shown with a sign O. a THES obtained when the off-track is additionally 
caused is shown with a sign a, and a THES obtained when a tilt is additionally caused is shown with a sign □. As is 
obvious from the graph, these THESs are substantially zero in the vicinity of a point where the thickness variation is 
zero. This means that the aberration derived from the thickness variation can be corrected by correcting the THES to 
be zero in the first embodiment. Since a tilt is not affected by the thickness variation, the precision can be improved by 
35 correcting the tilt. 

[0099] FIGS. 1 5 and 1 6 are plan views for showing other examples of the shape of divided areas of the photodetector 
11. The ranges of the interference areas I-, and l 2 are varied depending upon the track pitch of a magneto-optical 
recording medium to be loaded, the wavelength of a laser beam and brightness distribution. The interference patterns 
are peculiar to the respective causes of aberration, and when the range of the interference area is varied, the control 

40 signals with high sensitivities can be obtained by using light receiving areas corresponding to the varied interference 
area. FIG 15 shows an example where the center part of the light receiving surface is largely used, which is adopted 
when the interference areas I, and l 2 are formed closer to the center of the objective lens 6. FIG. 16 shows an example 
where the end parts along the track crosswise direction of the light receiving surface are largely used, which is adopted 
when the interference areas and l 2 are formed closer to the edges of the objective lens 6. 

45 [01 00] FIG. 17 is a plan view for showing still another example of the shape of the divided areas of the photodetector 
11 . In this case, the light receiving surface is divided into unit areas arranged in a matrix. Among unit areas 1 1c thus 
divided, brightness in unit areas 11c corresponding to the interference pattern is used for calculating the control signals. 
In this manner, even when the ranges of the interference areas l n and l 2 are changed in accordance with the track pitch, 
the wavelength of a laser beam and the like, the unit areas 1 1c to be selected for the calculation can be easily varied! 

so resulting in obtaining the control signals with high sensitivity. The dimension and the shape of each divided area and 
unit area 1 1c are not limited to those described herein. Significantly, the light receiving surface of the photodetector 1 1 
is divided so that brightness on the light receiving surface can be calculated in accordance with a diffraction pattern 
along the direction corresponding to the disk radial direction. 

55 Embodiment 2: 

[0101] FIG. 18 is a diagram for showing the structure of an aberration correcting part and an actuator driving circuit 
according to a second embodiment of the invention. As is shown in FIG. 18, a TES is input to an amplitude detecting 
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circuit I2e and a reference amplitude specifying value is supplied to a subtracter 12d ( so that the reference amplitude 
specifying value can be subtracted from the amplitude of the TES, and the thus obtained difference is supplied to a sec- 
ond selecting terminal 35b of a third switching circuit 35. Except for this, the structure is the same as that of the first 
embodiment shown in FIG. 2, and like reference numeral are used to refer to like elements shown in FIG. 2 and the 
5 description is omitted. In the first embodiment, the FES from the focus controller 70 is supplied to the second selecting 
terminal 35b of the third switching circuit 35, so as to be input to the thickness/focus control circuit 36 by switching the 
third switching circuit 35. In contrast, in the second embodiment, the focus controller 70 is omitted, and the second 
selecting terminal 35b is supplied with the difference signal between the TES and the reference amplitude value 
obtained as described above. 

w [01 02] Now, procedures for correcting aberration occurring in a recording/reproducing operation by using a magneto- 
optical recording/reproducing apparatus including the aforementioned aberration correcting part and actuator driving 
circuit will be described. First, the fourth switching circuit 37 selects the second selecting terminal 37b and the third 
switching circuit 35 selects the second selecting terminal 35b, so as to conduct the pseudo focus control. The scanning 
voltage generating circuit 41 outputs the scanning voltage to the focus/tilt control driving circuit 15b, thereby moving the 

is objective lens 6 upward or downward. At this point, the difference signal between the amplitude of the TES and the ref- 
erence amplitude specifying value is input to the thickness/focus control circuit 36, and the pseudo focus control is con- 
ducted at the instant when the amplitude of the TES accords with the reference amplitude specifying value. 
[0103] After completing the pseudo focus control, the third switching circuit 35 switches from the second selecting 
terminal 35b to the first selecting terminal 35a. Then, without conducting the tracking control, the maximum peak and 

so the minimum peak in the amplitude of the THES are added to each other, so as to detect and hold a median of the 
amplitude. 

[01 04] The tracking control is conducted by the tracking control circuit 1 2b so as to make the TES zero, thereby mov- 
ing the objective lens 6 for correcting a tracking error. Then, the focus control is conducted by the thickness/focus con- 
trol circuit 36 so as to make the THES zero. At this point, the focus control is conducted by using the median detected 
25 as described in the first embodiment (step S14) as a reference value. In this manner, a spherical aberration derived 
from thickness variation can be corrected. Then, the polarity of the TLTES is inverted in accordance with the 
land/groove specifying signal, and the tilt control is conducted by the tilt control circuit 14b so as to make the TLTES 
zero. 

[01 05] The fourth switching circuit 37 has already switched to the first selecting terminal 37a, and the output signal of 
30- the thickness/focus control circuit 36 and the output signal of the tilt control circuit 1 4b are input to the adder 51 and the 
subtracter 52. As a result, the focus actuators 50a and 50b are driven, so as to move the objective lens 6 for correcting 
aberrations derived from defocus, substrate thickness variation and a tilt. In this manner, the TES is used for the pseudo 
focus control in the second embodiment, and the other procedures are the same as those described in the first embod- 
iment. * 

35 [01 06] As described above, aberration can be corrected by detecting each cause of aberration in the magneto-optical 
recording/reproducing apparatus of the second embodiment, and hence, the same effects as described in the first 
embodiment can be achieved. In addition, since there is no need to provide the focus controller, the second beam split- 
ter 7 (shown in FIG. 1) can be omitted, resulting in simplifying the optical system. 

40 Embodiments: 

[0107] In seeking tracks in an optical disk or a magneto-optical disk, an optical head is moved in the track crosswise 
direction over the tracks. Although the optical head is moved in an instructed direction, it may sometimes move in the 
reverse direction against the disk due to decentration of the disk In such a case, when the nurrber of tracks is counted 
45 in the same manner as in moving in the forward direction, the seeking operation cannot be accurately conducted. This 
is because there is no difference in the reflectance factor and the TES between a land and a groove in a disk of the 
land/groove recording system including lands and grooves with the same width, and hence, the movement of the optical 
head in the reverse direction cannot be detected. 

[0108] As described above, when a spherical aberration is caused due to the defocus, the substrate thickness varia- 
so tion or the like, the THES of this invention has a different polarity depending upon whether the laser beam irradiates a 
land or a groove (as is shown with the solid line and the dashed line in FIG. 7A). By using this characteristic, the move- 
ment direction of the optical head in a seeking operation can be detected. This direction detection can be conducted by 
using the magneto-qptical recording/reproducing apparatus of FIG. 2 or FIG. 18 as follows: In a seeking operation of 
the optical head, the actuator is controlled so as to purposely cause defocus. and the TES and the THES are calculated 
55 by using the photodetector 1 1 to be output to the seeking direction detecting circuit 40. FIG. 19 is an output waveform 
diagram for illustrating the detection of the movement direction in a seeking operation. 

[0109] As is shown in FIG. 19, during a seeking operation of the optical head, in the case where the optical head 
moves in the forward direction, the THES has the maximum value when the TES becomes zero while increasing. In the 
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case where the optical head moves in the reverse direction, the THES has the minimum value when the TES becomes 
zero while increasing. Thus, the seeking direction of the optical head can be detected by detecting the peak of the 
THES attained when the TES is zero. The seeking direction detecting circuit 40 supplies the number of counted tracks 
to the track counter 41a. The track counter 41a adds or subtracts the number of tracks in accordance with the supplied 
number. As a result, the seeking operation can be accurately conducted. 

[01 1 0] Since the seeking direction can be thus detected, a seeking operation can be accurately conducted on a mag- 
neto-optical recording medium including lands and grooves with the same width. 

Embodiment 4: 

[01 11 ] In the tilt correction described in the above embodiments, a radial tilt of the magneto»optical disk is corrected 
Now, a method of correcting a tangential tilt will be described. FIG. 20 is a partially exploded perspective view of a mag- 
neto-optical disk for realizing the detection of a tangential tilt FIG. 21 is a waveform diagram of a TES and a TLTES 
obtained in correcting a tangential tilt, shown together with a plan view of the magneto-optical disk. As is shown in FIG. 
20, a magneto-optical disk 100 includes a magnetic film 102 stacked on a substrate 101, and grooves 103 are spirally 
formed thereon with a substantial center of the disk positioned at the center of the spiral grooves 103. Lands 104 are 
formed between the grooves 103, and each land and each groove have substantially the same width. On a predeter- 
mined portion with a predetermined length on the magneto-optical disk 100, no land 104 is formed, and a tangential tilt 
detecting land 1 05 is formed instead so as to extend in the radial direction of the disk. On the both sides of the tangential 
tilt detecting land 105, grooves 106 are formed in the radial direction of the disk. 

[0112] The magneto-optical disk 100 having the aforementioned structure is loaded on the magneto-optical record- 
ing/reproducing apparatus of FIG. 2 or 18 and is irradiated with a light beam along the track direction crossing the tan- 
gential tilt detecting land 105, and a TES and a TLTES are detected by using the photodetector 11. At this point, the 
photodetector 1 1 is disposed with its light receiving surface rotated by 90 degrees on the same plane. In FIG. 21 ] the 
output waveform of the TES is shown as (i), and the output waveforms of the TLTES are shown as (ii) through (iv). Spe- 
cifically, the waveform shown as (ii) is obtained when a tangential tilt is caused on one side along the tangential direction 
of the tracks, the waveform shown as (iii) is obtained when no tangential tilt is caused, and the waveform shown as (iv) 
is obtained when a tangential tilt is caused on the other side along the tangential direction. Thus, a tangential tilt of the 
tracks can be detected by detecting the amplitude and the polarity of the TLTES at the time of sampling the TES. 

Embodiment 5: 

[01 1 3] In the fourth embodiment, a tangential tilt is detected by forming the groove structure in the specific shape on 
a magneto-optical disk. In a fifth embodiment, a method of detecting a tangential tilt by using a magneto-optical disk 
with a general groove structure will be described. First, description will be given on diffraction patterns of interference 
areas of reflected light formed when a radial tilt and a tangential tilt are caused in a magneto-optical disk, including 
mixed diffraction patterns derived from both a radial tilt and a tangential tilt. 

[0114] FIG. 22 is a schematic perspective view of diffraction patterns of reflected light formed due to aberration 
derived from a radial tilt error and a tangential tilt error, which are calculated through simulation to be three-dimension- 
ally illustrated. In FIG. 22, the diffraction pattern at the center is obtained when no aberration is caused, those arranged 
in the horizontal direction are obtained when a radial tilt is caused, those arranged in the vertical direction are obtained 
when a tangential tilt is caused, and those arranged in the diagonal directions are obtained when both a radial tilt and 
a tangential tilt are caused. As is obvious from FIG. 22, when a tangential tilt is caused in a magneto-optical recording 
medium, the brightness peaks appear in positions on four sides of the center of the zero-order light of the reflected light, 
and a peculiar brightness distribution can be observed in the interference areas in accordance with the extent of the 
tangential tilt. 

[0115] FIGS. 23 A and 23B are a plan view of a photodetector for generating a tangential tilt error signal (hereinafter 
referred to as the TTLTES), and a graph for showing the sensitivity of the TTLTES. As is shown in FIG. 23A, the photo- 
detector 1 1 1 for detecting an aberration derived from the TTLTES has a light receiving surface in a circular shape, and 
on the light receiving surface, a first light receiving area 1 1a is formed on one side along a direction corresponding to 
the track crosswise direction in the reflected light and a second light receiving area 1 1b is formed on the other side. 
Each of the first and second light receiving areas 1 1a and 1 lb has a substantially elliptical shape, and is divided into 
four areas by division lines crossing at the center of the substantially elliptical shape. These four divided areas have 
substantially the same area. The division is not limited to equal division but can be determined in accordance with the 
diffraction pattern derived from a tangential tilt. 

[01 1 6] By using the photodetector 1 1 1 whose light receiving surface is thus divided, the TTLTES is calculated as fol- 
lows: 
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includes first and second light receiving areast»1 1a and 1 1b each divided into inner areas and outer areas by division 
lines crossing at the center as is shown in FIGS. 23A and 23B or 24A and 24B. By using brightness A1 a through A4a, 
A1b through A4b, B1a through B4a and B1b* through B4b in the thus divided areas, the RTLTES and the TTLTES are 
respectively detected through the aforementioned calculations. 

[0124] The detected RTLTES and TTLTES are supplied to a tilt controller 14. The tilt controller 14 includes polarity 
inverting circuits 14a and 14d, a radial tilt control circuit 14b and a tangential tilt control circuit 14e. The RTLTES is input 
to the polarity inverting circuit 1 4a, where the polarity is inverted in accordance with a land/groove specifying signal, and 
the inverted signal is output to the radial tilt control circuit 14b. Also, the TTLTES is input to the polarity inverting circuit 
1 4d, where the polarity is inverted in accordance with the land/groove specifying signal, and the inverted signal is output 
to the tangential tilt control circuit 14e. The radial tilt control circuit 14b and the tangential tilt control circuit 14e generate 
signals for controlling the actuator so as to make the RTLTES and the TTLTES zero, and the generated signals are out- 
put to an actuator driving circuit 1 5 through second switching circuits 1 4c and 1 4f . 

[01 25] The actuator driving circuit 1 5 includes a tracking control driving circuit 1 5a, a focus control driving circuit 1 5c, 
a radial tilt control driving circuit 1 5d and a tangential tilt control driving circuit 1 5e. These driving circuits supply driving 
signals to the actuator provided on objective lenses. The magneto-optical recording/reproducing apparatus of this 
embodiment adopts a double lens device including two objective lenses 6a and 6b having different di:eters and actua- 
tors 50 and 50a through 50g for independently controlling and moving these objective lenses. FIG. 26 is a plan view and 
a sectional view for showing the structure of the double leBjl device, and shows a section thereof taken along a track 
crosswise direction passing through the center of the magneto-optical disk 1 . 

[0126] As is shown in FIG. 26, the double lens? device includes the objective lens 6b having a smaller diameter dis- 
posed above the objective Tens 6a having a larger diameter with a predetermined distance interposed therebetween 
and with their optical axes according to each other. The tracking/focus actuator 50 is disposed around the objective lens 
6a with a larger diameter, so that the tracking/focus actuator 50 can move the objective lens 6a in the track crosswise 
direction of the magneto-optical disk 1 in response to a tracking control signal and move the objective lens 6a parallel 
toward or away from the magneto-optical disk 1 in response to a focus control signal. 

[0127] Around the objective lens 6b with a smaller diameter, supporting plates 50d through 50g are fixed so as to 
project from four positions, and piezoelectric elements 51d through 51g (among which elements 51 e and 50f are not 
shown in FIG. 26) are disposed movably toward and away from the magneto-optical disk 1 between the supporting 
plates 50d through 50g and the tracking/focus actuator 50. The piezoelectric elements 51 d and 51 e disposed opposing 
each other in the track crosswise direction of the magneto-optical disfc 1 are independently moved upward and down- 
ward in response to a radial tilt control signal. Also, the piezoelecrfjjc^elements 51 f and 51 g disposed opposing each 
other in the tangential direction of the tracks on the magneto-optic^ildisk 1 are independently moved upward and down- 
ward in response to a tangential tilt control signal By independently driving the piezoelectric elements 51d through 51 g 
disposed on the four sides, the objective lens 6r>with a smaller diameter can correct a radial tilt and a tangential tilt. 
[0128] These piezoelectric elements cannot be used for the focus control because they move by merely a short dis- 
tance. However, a tilt can be sufficiently corrected through movement of approximately 10 mrad, and hence, the piezo- 
electric elements can be used for the tilt correction alone as in this embodiment. When the objective lens 6b with a 
smaller diameter has a diameter of, for example, 2 mm, the piezoelectric elements 51d through 51g are moved by 
merely approximately 10 nm. 

[01 29] The signal from the radial tilt control circuit 1 4b is input to the radial tilt control driving circuit 1 5d, so as to inde- 
pendently drive the piezoelectric elements 51 d and 51 e for correcting a radial tilt. Also, the signal from the tangential tilt 
control circuit 14e is input to the tangential tilt control driving circuit 15e. so as to independently drive the piezoelectric 
elements 51f and 51 g for correcting a tangential tilt. The structures and procedures for the tracking control and the focus 
control are the same as those described in the first embodiment shown in FIG. 2, and the description is omitted. Also, 
the substrate thickness variation control is omitted in this embodiment, but can be conducted in the same manner as 
described in the first embodiment. 

[0130] In the magneto-optical recording/reproducing apparatus having the aforementioned structure, the effects as 
described in the first embodiment can be attained. In addition, since both a radial tilt and a tangential tilt are detected 
for correction, coma can be precisely corrected. 

[01 31 ] The double lens device of this embodiment includes the objective lens 6a with a larger diameter and the objec- 
tive lens 6b with a smaller diameter as described above, which does not limit the invention. Each of upper and lower 
lenses of the double lens device can include plural lenses such as compound lenses. Furthermore, the piezoelectric 
elements are used in this embodiment, which does not limit the invention. Instead, moving leans such as a coil actuator 
can be used. However, since the objective lens with a smaller diameter is used for the tilt control alone, merely a small 
movement is required of the actuator, and hence, a piezoelectric element unsuitable to the focus/tracking control can 
be used for the tilt control. 

[0132] FIG. 27 is a plan view and a sectional view of a double lens device with a slider structure. As is shown in FIG. 
27, the objective lens 6b with a smaller diameter is provided with a contact preventing disk 60 so as to cover the periph- 
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ment can be the device described in the first embodiment or the device described in the fifth embodiment. 
[0139] When this magneto-optical recording/reproducing apparatus is used, the same effects as those described in 
the second embodiment can be attained. In addition, the focus control can be precisely conducted in a wide range of 
the defocus level. The photodetector for enlarging the range of the defocus level in the focus control is used in this 
. 5 embodiment, which does not limit the invention. For example, the range of a tilt level can be enlarged instead. In this 
case, each of the first and second light receiving areas of the photodetector is divided concentrically about its center, 
and as the number of divided areas is increased, the range of the tilt level can be enlarged. 

Embodiment 7: 

10 

[0140] In a seventh embodiment of the invention, a photodetector having efficiently divided areas will be described. 
FIGS. 33A through 33F are plan views of a photodetector whose light receiving surface is variously divided for detecting 
the respective causes of aberration. FIG. 33A shows divided areas of the light receiving surface of the photodetector. 
The light receiving surface of the photodetector is divided so that a first light receiving area 1 1a in a substantially ellip- 

75 tical shape can be disposed on one side along the track crosswise direction in the reflected light and a second light 
receiving area 11b in a substantially elliptical shape can be disposed on the other side. Each of the first and second 
light receiving areas 1 1a and 1 lb is divided along the track crosswise direction in the reflected light by a division line 
corresponding to the center line. Each of the thus divided areas is further divided into two along the track crosswise 
direction, and each of the thus further divided areas is divided into two along a direction crossing the track crosswise 

20 direction. The photodetector can be thus easily divided because each of the first and second light receiving areas 1 la 
and 1 1b is linearly divided. 

[0141 ] FIG. 33B shows divided areas of the photodetector adopted for obtaining a TES. In FIG. 33B, the light receiving 
surface is divided into a white area and a hatched area in the first and second light receiving areas 1 1a and 1 1b. Simi- 
larly, FIG. 33C shows divided areas adopted for obtaining a THES1 , FIG. 33D shows divided areas adopted for obtain- 
25 ing a THES2. FIG. 33E shows divided areas adopted for obtaining a TTLTES, and FIG. 33F shows divided areas 
adopted for obtaining a RTLTES. 

[0142] FIG. 34 is a graph for showing the sensitivity of the RTLTES detected by using this photodetector. which is 
calculated through simulation. In FIG. 34, the abscissa indicates a radial tilt and the ordinate indicates a value obtained 
by dividing the light quantity of the RTLTES by the total light quantity. In this graph, the sensitivity of the RTLTES is 

30 shown with a sign O. and the sensitivity of a RTLTES obtained when a tangential tilt is additionally cause is shown with 
a sign X. As is understood from the graph, both the RTLTESs are zero when the radial tilt is zero. This means that a 
radial tilt can be corrected by controlling a RTLTES to be zero. The divided areas adopted for obtaining the TES, the 
THES1 , the THES2 and the TTLTES are the same as those described in the first through sixth embodiments, and the 
aberrations resulting from the respective causes can be precisely corrected by using the photodetector divided as is 

35 shown in FIGS. 33A through 33F. When such a photodetector is used, aberrations derived from various causes can be 
detected by using one and the same photodetector, and the photodetector can be easily divided. 

Embodiment 8: 

40 [0143] In an eighth embodiment of the invention, description will be given on a photodetector in which a distance in 
the track crosswise direction between first and second light receiving areas 1 la and 1 1b can be adjusted in accordance 
with a track pitch of a magneto-optical recording medium. FIGS. 35 through 37 illustrate adjustment of the distance 
between the light receiving areas in the photodetector, wherein FIG. 35 shows a basic state of the photodetector, FIG. 
36 shows a state adopted when the track pitch is small, and FIG. 37 shows a state adopted when the track pitch is large. 

45 The photodetector 120 of this embodiment includes a first photodetector part 120a including a first light receiving area 
1 1a and a second photodetector part 120b including a second light receiving area 11b. The first photodetector part 
120a and the second photodetector part 120b are provided with a piezoelectric element or a coil actuator, so as to be 
movable toward and away from each other in the track crosswise direction. 

[0144] A difference <|> in the reflection angle between zero-order light of reflected light and first-order light reflected at 
so a larger angle on both sides of a track is represented as follows: 

4> = x-x 

wherein k indicates a wavelength of an irradiating laser beam, and x indicates a spatial frequency of grooves on a mag- 
55 neto-optical disk 1 , namely, the number of grooves formed per 1 m. When the track pitch is small, namely, when the spa- 
tial frequency of grooves is large, the difference $ in the reflection angle is large. Therefore, by increasing the distance 
in the track crosswise direction between the first and second light receiving areas 1 1 a and 1 1b as is shown in FIG. 36, 
the light receiving areas can follow interference areas of the reflected light. In reverse, when the track pitch is large, 
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namely, when the spatial frequency of grooves is small h « 
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[0145] When the photodetector h*/i J . „ interference areas of the reflected light. 

the photodetector can be applied to disks of various kinds Tte l^Z? °Hhe magneto-optical disk 1. and hence, 
detector 120 described in this embodiment are merely an ^ areaS ° f the 
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described which does not limit the inventCbu^ recording/reproducing apparatus is 

ratus in which information is recorded/reproduced b ™,Z«ZSnT? ° ^ ^ing/reproducing appa - 

o D s ,cabie j° a rec ° rdin9 apparatus °^ '^sssnsj^F^s^r ,rradiatin9 iight beam - A,s °- *• 

22 T??" 3 m6diUm in each en *odiment..but a nSSISSt^^^ * ma9net °-°P««' «sk is used as an 

25? be 3ny medium Which '"formation «n7e SSS in J r "T™ " n0t ,imited t0 the ma 9"eto- 

•ght beam, and the shape of the medium is not limited to a d^ Tom through irradiation with a 

inginLe^^^^ 

optical path is distributed by dividing rJLj^^^^! d0es no < *e invention. For example, an 
on a„ optlcal ^ „ the ref ^ ^ J by «JJB«op** element s uch as prism and hologram disposed 

[0148] In th,s manner, according to the present invent £T aKlS, ° ™f pecbve <***uted optical paths, 
th.ckness variation. a tilt, a focus error and a tracking ^t?22J *f ,Ved ,rom variou * causes such as substrate 
accordance with these causes on the basis of toT^M*^^* 0 *? *" <™ be corrected in 

precisely conducted. Also, since a tilt is corrected by dete^^ 3 Cueing operation can be 

and a - - - ™ -^^=Z^^^^ 

can be amplified. Moreover, since a seeking directs an 0 pS^^ 

detected, a seeking operation can be accurately conduced tnaXSl k ° n a " ° Pt ' Cal recordin 9 "n**"" can be 
30 - surface .s rotated by approximately 90 dearees onto* «m a , ' by US,n9 3 P h °t«Jetector whose light receivino 

[0150] Also, a tangential tilt can b!ca^^£^£Si * W C3n be detected - 

track crosswise direction in the reflected ^^^^SSS^n" ' ^I 8 ™ " ne s ^antia..y parallel to the 
todetector- Furthermore, when an objective lens is """^ by USin9 ,he same P"° 

35 b oi m' ° f b ° th 3 radial t,tt and a tan 9 er » a ' « can b^e realized y M(XS 00 its four *** *■* 

,einco^^^^ 

focus control can be enlarged. In addition when *5fZ%?EZ ™ R *" ran9e 01 a <lefocu s applicable to the 
^«e*ed.rc™,hev^^ 
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55 



characterized by comprising the steps of: 

detecting aberrations derived from each of various causes an th* h= ■ 

ence areas (I) formed by diffraction light (D) of the reS toh " h b " 9htneSS distributi °n in interfer- 

«— . ~ — e ca.ee , 

characterized by comprising the steps of: 
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detecting an aberration derived from a relative tilt between the light beam and the optical recording medium (1 ) 
on the basis of brightness distribution in interference areas (I) formed by diffraction light (D) of the reflected 
light; and 

correcting aberration occurring in recording/reproducing information by correcting the tilt in accordance with 
, 5 the detected aberration. 

3. A method of correcting aberration occurring in recording/reproducing information by using reflected light of a light 
beam irradiating an optical recording media (1), 

characterized by comprising the steps of: 

10 

detecting an aberration derived from a focus error on the basis of brightness distribution in interference areas 
(I) formed by diffraction light (D) of the reflected light; and 

correcting aberration occurring in recording/reproducing information by correcting the focus error in accord- 
ance with the detected aberration. 

75 

4. A method of correcting aberration occurring in recording/reproducing information by using reflected light of a light 
beam irradiating an optical recording medium (1), 

characterized by comprising the steps of: 

20 detecting an aberration derived from thickness variation of a substrate included in the optical recording medium 

(1) on the basis of brightness distribution in interference areas (I) formed by diffraction light (D) of the reflected 
light; and 

correcting aberration occurring in recording/reproducing information by correcting the aberration derived from 
thickness variation of the substrate through focus control in accordance with the detected aberration. 

25 

5. The method of correcting aberration according to claim 1 , 

wherein, in the step of detecting aberration, a detection signal of a relative tilt between the optical recording 
medium (1) and the light beam, a detection signal of thickness variation of a substrate included in the optical 
recording medium (1) and of a focus error and a detection signal of a tracking error are obtained, and 

30 

the step of correcting aberration includes, prior to correction of the tracking error, a pseudo focus control step 
of controlling the light beam to be focused on the optical recording medium (1); a step of obtaining a median of 
an amplitude of the detection signal of the thickness variation and of the focus error obtained in the pseudo 
focus control step; a step of correcting the tracking error by using the detection signal of the tracking error; a 
35 step of correcting the focus error by using the detection signal of the thickness variation and of the focus error 

with the median used as a reference value; and a step of correcting the tilt by using the detection signal of the 
tilt 

6. The method of correcting aberration according to claim 5, 

40 wherein the pseudo focus control step includes a step of changing a distance between optical means (6) for con- 
verging the light beam and the optical recording medium (1); and a step of conducting focus control on the basis of 
a focus control signal obtained through another path while changing the distance. 

7. The method of correcting aberration according to claim 5, 

45 wherein the pseudo focus control step includes a step of changing a distance between optical means (6) for con- 
verging the light beam and the optical recording medium (1); and a step of conducting focus control so as to make 
zero a difference between a predetermined value and a Level of the detection signal of the tracking error obtained 
while changing the distance. 

so 8. An apparatus for correcting aberration occurring in recording/reproducing information by using reflected light of a 
light beam irradiating an optical recording medium (1), 
comprising: 

at least one photodetector (1 1) for detecting aberrations derived from each of various causes on the basis of 
55 brightness distribution in interference areas (I) formed by diffraction light (D) of the reflected light; and 

a correcting part for correcting the respective causes on the basis of the detected aberrations. 

9. An apparatus for correcting aberration occurring in recording/reproducing information in or from tracks of an optical 
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rampSg mediUm <1) ^ USin9 refl6Cted h9ht 0< 3 li9ht b6am irradiatin9 the OP*' 031 recording medium. 

an objective lens (16) for converging the light beam; 

an actuator (5) for three-dimensionally moving the objective lens (6)- and 

an aberration correcting part (10) receiving the reflected light, for detecting aberrations derived from each of 
various causes and for correcting the respective causes, 
wherein the aberration correcting part (1 0) includes: 

2 IfS^^SSf TT°\ {1 1) ^ reC6iVeS the r6fleCted ,i9ht divided, y a,on 9 * direction corresponding 
to a track crossw.se d.rection. and outputs aberration detection signals corresponding to the respective 
causes generated by calculating with brightness of the divided light and respective 
at least one controller selected from a tilt controller (14) which receives a first aberration detection signal 
corresponding to a relative tilt between the optical recording medium (1) and the light beam and cor eSs 
the fit on the basis of the first aberration detection signal, a thickness/focus control (13) which recS 
a second aberration detection signal corresponding to thickness variation of a substrate included in the 
optical recording medium (1) and a focus error and corrects the thickness variation of the subsSte alld 
the focus error on the basis of the second aberration detection signal, and a tracking controller (12) which 
receives a third aberration detection signal corresponding to a tracking error and corrects the tracking error 
on the basis of the third aberration detection signal. mama error 

10. The apparatus for correcting aberration according to claim 9 

S^JSl'^S 8 3 ' ifSt dir6Cti0n h3Vin9 3 inCNnation a9ainSt the *«* CrOSSwise direcli °" °< the optica. 

ma a fo rmL°^ T^' 0n * " Bht reCeiv ' na Surface *«* a,irst **« reiving area 

irlt /1 JT !L a L° n ° the traCk Cr ° SSWiSe direction in the reflected "'9 ht and * second light receiving 
area (1 1b) formed on the other side, each of the first and second light receiving areas (1 la 11b) beinq divided 
into an inner area and an outer area. ; 9 aiv,aea 

1 1 . The apparatus for correcting aberration according to claim 9 

follows: <irSt aberrati ° n de,eCti ° n Si9na ' RTLTCS rorres P° ndin 9 to a ti» along a first direction is calculated as 

RTLTES = (A1+A2+k1(B3+B4))-k2((A3+A4)+k1(B1+B2)) 
wherein A1+A2 indicates brightness in the outer area of thefirst light receiving area (1 1a); A3+A4 indicates briaht- 
fiS lil r! ° Uter ^ ".fVT" li9M reCeiVin9 3rea (1 1b); B1+B2 indicates b "9«^ >nte ™*L X e 
MandS 

12. The apparatus for correcting aberration according to claim 9 

Hr^S i2 I 638 !? 16 * the .P hot ° detectors < 1 1 ) includes, on a light receiving surface thereof, a first light receiving 

area b S£ Tn Z" T ^ ln the re,l6Cted ,i9h, and a second receiving 

a cantl l l ° a 7? 1 G ^ S ' d ?' 6aCh ° ,the firS * and S6COnd ' i9ht reCeivi "9 areas < 11a ' 1 lb) being divided into 
a center area and an edge area relative to the light receiving surface, and 

error^^ Si9na ' THES C ° rreSP ° ndin9 10 thiCk " eSS - the s ^e and a focus 

THES = (A1+B1+k1(A3+B3))-k2((A2+B2)+k1(A4+B4)) 

brSlt 1 in B h in i, iCateS bri9h, " eSS in ,he ed ^ e area of «rst light receiving area (1 1a); A3+B3 indicates 

a la of t i^- - ? 6 area ° f ^ ' i9ht r6Ceivin9 area (1 1 b): A2+B2 indicates bri 9 h < n «* in the center 
area of the first light receiving area (11b); A4+B4 indicates brightness in the center area of the second light 
receiving area; and k1 and k2 indicate real numbers. 9 

13. The apparatus for correcting aberration according to claim 9. further comprising a beam movement direction 
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detecting circuit (40), which receives the second aberration detection signal corresponding to thickness variation of 
the substrate and a focus error and the third aberration detection signal corresponding to a tracking error, and 
detects a movement direction of the light beam on the optical recording medium (1) based on whether the second 
aberration detection signal is at a maximum peak or a minimum peak when the third aberration detection signal is 
varied in a predetermined manner. 

14. The apparatus for correcting aberration according to claim 9, 

wherein at least one photodetector (11) receives the reflected light dividedly along a direction crossing the track 
crosswise direction, and 

the apparatus further comprises a second tilt control circuit which receives the first aberration detection signal 
corresponding to a tilt and the second aberration detection signal corresponding to a tracking error, detects a 
tilt along a direction crossing the track crosswise direction on the basis of a level of the first aberration detection 
signal attained when the second aberration detection signal is at a level of zero, and corrects the detected tilt. 

15. The apparatus for correcting aberration according to claim 9, 

wherein the lift is a tilt along a second direction having an inclination against a direction crossing the track crosswise 
direction of the optical recording medium (1), and 

at least one of the photodetectors (111) includes, on a light receiving surface thereof, a first light receiving area 
(11a) formed on one side along the track crosswise direction in the reflected light and a second light receiving 
area (1 1b) formed on the other side, each of the first and second light receiving areas (11a, 1 1b) being divided 
into a center area and an edge area relative to the light receiving surface, and each of the center and edge 
areas being divided into two divided areas along the direction crossing the track crosswise direction. 

f6. The apparatus for correcting aberration according to claim 15, 

wherein the first detection signal TTLTES corresponding to a tilt along the second direction is calculated as follows: 

~ TTLTES =(A1a+B1a+A2b+B2b+k1(A3a+B3a+A4b+B4b)) -k2((A2a+B2a+A1b+B1b)+k1(A4a+B4a+A3b+B3b)) 

wherein A1a+B1a+A2b+B2b indicates total brightness in the divided areas diagonally disposed in the first light 
receiving area (11a); A2a+B2a+Alb+B1b indicates total brightness in the remaining divided areas in the first light 
receiving area (11b); A3a+B3a+A4b+B4b indicates total brightness in the divided areas of the second light receiv- 
ing area (11b) disposed symmetrically along the track crosswise direction with the divided areas having the bright- 
ness of A1a+B1a+A2b+B2b; A4a+B4a+A3b+B3b indicates total brightness in the remaining divided areas of the 
second light receiving area (1 1b); and k1 and k2 indicate real numbers. 

17. The apparatus for correcting aberration according to claim 15, 

wherein each of the first and second light receiving areas (11a, lib) is further divided into an inner area and an 
outer area in order to detect both a tilt along the first direction and a tilt along the second direction. 

18. The apparatus for correcting aberration according to claim 9, 

wherein the objective lens (6) includes a first lens (6a) and a second lens (6b) disposed with. optical axises thereof 
according to each other, and 

the actuator includes a first actuator (50) for three-dimensional ly moving the first lens (6a) for correcting the 
focus error and the tracking error and a second actuator (51d-51g) for inclining the second lens (6b) independ- 
ently against the track crosswise direction of the optical recording medium (1) and against a direction crossing 
the crosswise direction for correcting the tilt. 

19. The apparatus for correcting aberration according to claim 9 or 18, 

wherein the objective lens (6) is provided, on a surface thereof opposing the magneto-optical recording media (1), 
a contact preventing disk (60) for retaining a distance to the optical recording medium (1) at a predetermined or 
larger distance. 

20. The apparatus for correcting aberration according to claim 9, 

wherein at least one of the photodetectors (1 14, 1 15, 1 1 6) includes, on a light receiving surface thereof, a first light 
receiving area (11a) formed on one side along the track crosswise direction in the reflected light and a second light 
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is 



receiving area (1 1b) formed on the other side, each of the first and second light receiving areas being symmetrically 
divided into at least four areas (1 1a, 1 1b) along the track crosswise direction in the reflected light. 

21 . The apparatus for correcting aberration according to claim 9, 

wherein the photodetector (1 1) includes, on a light receiving surface thereof, a first light receiving area (11a) formed 
on one s.de along the track crosswise direction in the reflected light and a second light receiving area (1 lb formed 

n^iJ? Z S f e \ each 0f the * rst and second rec *™9 ^eas (11a. 11b) being linearly divided substantially 
parallel to the track crosswise direction and a direction crossing the track crosswise direction respectively. 

22. The apparatus for correcting aberration according to claim 9 

wherein the photodetector (120) has a first photodetector part (120a) including a first light receiving area (1 la) dis- 

^ J 5 ?,!" 6 S ' de ° 3 " 9ht reCeivi " 9 surtace alon9 the track ^osswise direction in the reflected light and a second 
photodetector part (120b) including a second light receiving area (1 1b) disposed on the other side, the first and 
second photodetector parts (120a. 120b) movable toward ad away from each other along the track crosswise direc- 
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